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(g) Flame retardant high impact siiicone-potycart>onate copolymer blends. 

(57) Rame retardant silicone-polycart>onate blends are provided utilizing fumed silica and polytetraf- 
luoroethylene resin. The sllicone-polycart>onate flame retardant blends can be further blended with 
polycartxinate resin and retain high impact strength at low temperatures, such as -2(rc or below. 
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Cross Reference to Related Application 

Reference is made to copending application RD-21,068, filed concurrently herewith and assigned to the 
same assignee as the present invention. 
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Background of the Invention 

The present invention relates to flame retardant blends of polytetrafluoroethylene, fumed silica and sili- 
cone- polycarbonate copolymers which can be further blended with polycarbonate resin. More particularly, the 
10 present invention relates to the use of fumed silica and polytetrafluoroethylene with silicone- polycarbonate co- 
polymers to provide flame retardant polycarbonates exhibiting high impact strength at temperatures of about 
-20*C or below. 

There are shown by Vaughn, U.S. Patent 3,189,662, organopotysiloxane-polycarbonate block copolymers 
which are useful as surface covering for appliances, insulation, coatings for rods and wires and binding material 

15 for parts and laminates which is incorporated herein by reference, Krishnan etal, U.S. Patent 4,772,655. shows 
that polycarbonate compositions comprising a thermoplastic aromatic polycarbonate, a flame retardant agent 
such as cryolite, polytetrafluoroethylene and an effective anrount of afinely divided hydrophobic silicon dioxide 
can be used as flame resistant polycarbonate compositions. In Offenlegungsschrift DE3906919 A1 Fire- 
Resistant Block Polycarbonate - Siloxane Blends, there are shown polydiorganosiioxane-pdycarbonate block 

20 copolymers blended with polytetrafluoroethylene and at least one alkali metal or alkaline earth metal halide 
such as cryolite. Although alkaline earth metal halides such as cryolite have been found to impart flanrie re- 
tardance to polycarbonate compositions, experience has shown that in particular instances, these alkali metal 
halides can effect depolymerization. 

As used hereinafter, the term "flame retardance" or "nonflammable" with respect to the flame retardant 

25 polycarbonate compositions of the present invention means that the flame retardant polycarbonates have sat- 
isfied UL94 V-O requirements for flammabllity as shown by the "Rammability of Plastic Materials Bulletin of 
Jan. 24, 1980. More particularly, a 5" x 1/2'* x 1/16" test sample is suspended vertically over a 3/4" Bunsen 
Burner flame as provWed in the aforementioned UL94 test The test sample preferably exhibits a UL94 V-O 
rating which includes the following criteria: 

30 A. Not have any specimen which burns with flaming combustion for more than 10 seconds after application 

of the test flame. 

B. Not have a total flaming combustion time exceeding 50 seconds for 10 flame applications of each set 
of five specimens. 

C. Not have any specimens which burn with flaming or glowing combustion up to the holding clamp. 

35 D. Not have any specimens which drip flaming particules that ignite dry absort)ent surgical cotton located 

12 inches (305 mm) below the test specimen. 

E. Not have any specimens with glowing combustion which persists for more than 30 seconds after the 
second removal of the test flame. 

40 Sumnnary of the Invention 

The present invention is based on a discovery that silicone-polycarbonate block copolynDers, or blends 
thereof with polycarbonate resin, as defined hereinafter, can be converted to flame retardant ther neoplastic 
blends exhibiting high impact values at temperatures of about -20X or below, if the siIkx>ne-polycarbonate co- 
45 polymer is blended with effective amounts of fumed silica and polytetrafluoroethylene. 

Statement of the Invention 

There Is provided by the present invention, flame retardant silicone-polycarbonate blends substantially free 
50 of alkali metal or alkaline earth metal salts of fluorine containing acids comprising by weight, 

(A) 1 00 parts of a silicone-poiycartjonate material comprising from 0.1 to 50% by weight of chemically com- 
bined polydk>rganosiloxane and having from 4 to 200 condensed diorganosiloxy units, which silicone-poly- 
carbonate material is a member selected from the class consisting of, 

(i) a sillcone-polycartKjnate copolymer, and 
55 (ii) a blend of (i) and polycarbonate where (i) is present at from about 2% to about 99.8% by weight of 

the blend, and the silcone content of (1) and the polycarbonate is from 0.1% to 50% by weight of the 
blend, 

(B) 0.1 to 10 parts of fumed silk;a and, 
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(C) 0.01 to 5 parts of polytetrafluoroethylene, where the organo radicals of the pdydiorganosrloxane of 
(A) are selected from C(i. organo radicals which are attached to siJicon by carbon-silicon linkages, and 
the polycarbonate of (ii) consists essentially of recurring carbonate units of the formula, 



w where R is a C(6_25) aromatic organic radical. 

Among the aromatic polycarbonates which can be used in the practice of the present invention are aromatic 
polycarbonates formed by phosgenating at least one of the following bisphenols: p.p'-bisphenol A, m,p-bisphe- 
nol A, o,p-bisphenol A, spirobiindane bisphenol, tetramethyl bis phenol A and tetramethylbiphenol. Copolycar- 
bonates containing the aforementioned bisphenols as major bispheno* constitutents are also included. Prefer- 

15 ably, the polycarbonate is a bisphenol A polycarbonate having an intrinsic viscosity (IV) of from 0.35 to 1 .8 dl/g 
in chloroform at 25 °C. 

Additional polycarbonates and methods for making which are incorporated herein by reference, can be 
found in Schnell, at al, U.S. Pat No. 3,028,365; Idel et al U.S. PatNo. 4,185,009; Evans, et al, U.S. PaL No. 
4,605,731; Evans, et al, U.S. PatNo. 4.701.519; and Brunelle et al, U.S. Pat No. 4,727.134. In addition Kirk- 

20 Othmer, 3rd Edition.Vot. 18, pages 479-494, shows additional procedures. 

Silicone-polycarbonate block copolymers which can be used in the practice of the present invention can 
be made by the method of Evans et al, U.S. PatNo. 4,920,1 83 assigned to the same assignee as the present 
invention and incorporated herein by reference. In the method of Evans et al, a hydroxyl terminated polycar- 
bonate oligomer is condensed with a halo terminated polydiorganosiloxane in the presence of an add acceptor. 

25 An additional procedure for making si icone- polycarbonate block copolymers is shown by the aforementioned 
Vaughn patent It involves the phosgenation of a mixture of a dihydric phenol, such as bisphenol A, and a phenol 
terminated polydiorganosiloxane, such as a bisphenol A terminated polydimethylsaoxane. In addition, phenol 
terminated polydiorganosiloxane having terminal phenol groups joined to silicon through divalent organo rad- 
icals by carbon-silicon linkages, such as polymers having terminal eugenol groups, or other aiiphatically un- 

30 saturated phenol groups as shown by Vaughn, U.S. patent 3,419,634, can be used. 

Although the polydiorganosiloxane blocks are preferably polydinDethylsiloxane, polydiorganosiloxane con- 
sisting of a mixture of condensed dimethyl siloxy units, and units such as diphenylsiloxy, methyl phenylsiloxy, 
methylvinylsiloxy, or mixtures thereof, also can be used. 

Suitable dihydric phenols which can be used in the practice of the present invention to make the polycar- 

35 bonates and silicone-polycart)onate block copolymers are, for example, 2,2-bis(2,-hydroxyphenyl)propane, 
2,4'-dihydroxybiphenylmethane, bis-(2-hydnoxyphenyl)methane, 2,2-bis-(4-hydroxyphenyl)propane, referred 
to hereinafter as ''bisphenol A" or "BPA", 1,1-bis(4-hydroxyphenyl)ethane, 1.1-bis (4-hydroxyphenyl)propane, 
4,4'-dihydroxybiphenyl, 4,4'-dihydroxy-3,3',5,5'-tetramethylbiphenyi, 2.4-dihydroxybenzophenone, 4,4'-dihy- 
droxydiphenylsulfone, 2,4'-dihydroxydiphenyisulfone, 4, 4'-dihydroxydi phenyl sulfoxide, 4,4'-dihydroxydiphe- 

40 nylsulf ide, 1,1-dichloro- 2,2- bis(4- hydroxy phenyl )ethylene, 6,6'-dihydroxy-3,3,3',3'-tetramethyl-bis-1 .1'-spiro- 
biindane. 
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Fumed silica utilized in the practice of the present invention is preferably treated with octamethylcyclote- 
30 trasiloxane and/or silazane. Suitable silazanes are taught by Martellock, U.S. PaL No. 3,243,404. 

In order that those skilled in the art will be better able to practice the present invention the following exannple 
is given by way illustration and not by way of limitation. All parts are by weight. 

Example 1 

35 

In accordance with the procedure of Vaughn, U.S. Pat No. 3,189,662, incorporated herein by reference, 
several silicone- polycarbonate block copolymers having a weight % siloxane in the range of about 4 to 5% by 
weight and a siloxane block length in the range of from about 10 to 30 were prepared. There was phosgenated 
a mbcture of a bisphenol A terminated polydimethylsiloxane made in accordance with procedures shown in the 
40 Vaughn patent and bisphenol A. 

Blends of the silicone-polycart>onate block copolymers were made by adding polytetrafluoroethylene and 
fumed silica which had been treated with octamethylcydotetrasiioxane followed by hexamethyldisilazane. The 
resulting blends were extruded and injection molded to produce 1/16" test samples and tested for flame retar- 
dance in accordance with UL94 V-O requirements. In addition to the silicone-polycarbonate block copolymers, 
45 test bars made from Lexan® polycarbonate, a product of GE Plastics, were also evaluated. 

In addition to testing for UL94 V-O, the silicone-polycarbonate test bars were evaluated for Izod impact at 
-20°C. The following results were obtained where control is Lexan® polycarbonate Teflon®* resin is shown 
as polytetrafluoroethyiene and PC/PDMS is silicone- polycartxDnate block copolymer, and "Kl* is melt index: 
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Resin Description Control 


Control 


PC/ 


PC/ 


PC/ 






PDMS 


PDMS 


PDMS 


phr polytetraf luoroethyleno 


0.2 


0.2 


0.2 


0.2 


phr fumed silica 


1.0 


1.0 


1.0 


1,0 


Siloxane (Wt %) 




4.5 


4.3 


4,5 


Siloxane Block Length 




10 


30 


30 


UL94 Rating (1/16-) V2 


VO 


VO 


VO 


VI 


rzOD (-20<^C) 2.5 


2.1 


11.9 


14.1 


9.2 


KI 3300 


3300 


6620 


10110 


2230 



*TM of E.I. Dupont de Nemours Co. 



15 Example 2 

In accordance with the procedure of Example 1, additional sillcone-polycarbonate block copolymers were 
prepared having an averageof about43% by weight of polydimethytsiloxane with block sizes having an average 
of about 10 pdydimethytsiloxy units. Blends were prepared with these block copolymers with polytetraf luoro- 
20 ethylene resin, fumed silica, and Lexan® polycart>onate. The blends were converted to test samples as de- 
scribed in Example 1 and evaluated for UL94 V-0 as well as Izod Impact at -20''C. The following results were 
obtained: 



25 


phr polycarbonate 


100 


89.4 


53.6 




phr sillcone-polycarbonate 




11 -S 


46,5 


30 


phr polytetraf luoroethylene 




0.2 


0,2 


phr Fumed Silica 




1.0 


1.0 




Siloxane (Wt %) 




5 


20 


35 


Siloxane Block Length 




10 


10 




UL94 Rating (1/16") 


V2 


VO 


VO 




IZOD (-20<»C) 


2.5 


4.9 


12.0 



The results shown in the at>ove tables indicate that optimum flame retardance can be obtained with silicone- 
polycarbonate blends rf effective amounts of polytetraf luoroethylene resin and fumed silica are utilized. In ad- 
dition, low temperature impact is optimized in instances where si kx)ne- polycarbonate copolymer is utilized in 
proportions of at least about equal parts by weight when employed in combination with polycarbonate resin. 

45 

Example 3 

Several silicone-polycartTonate block copolymers were prepared having a weight % siloxane in the range 
of from 0.1% to 2.5% by weight In a typical procedure, a silicone polycartx)nate copolymer was prepared by 

50 interfacially phosgenating a mixture of 2280 g of bisphenoi A, 58.7 g of bisphenol A capped dimethylsiioxane 
having an average block length of at>out 10 dimethylsiloxy units, 74.2 g of p-cumylphenol chainstopper, 14 mL 
of triethylanrrine in 11 L of methylene chloride and 7 L of water. 1360 g of phosgene was added over a 40 minute 
period. The phases were separated and the polymer solution diluted with 8L of methylene chloride. The solution 
was washed twk:e with 10 L of 0.3N aqueous HCt followed by 4 times with water. The polymer solutk)n was 

55 precipitated into 40 L of methanol in a Henschel mixer. The polymer was dried at 120°C. The polymer was found 
to have a Mw of 47800. a Mn of 17200 and a siloxane incorporation of 1 weight %. The polymer powder was 
blended with fumed silica at 1 weight % level and polytetraf luoroethylene resin at 0.2 weight % level. The poly- 
mer blend was converted into 1/16" flame bars. These bars were found to be V-O under UL-94 test conditions. 
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Although the above examples are directed to only a few of the very many variables which can be employed 
in the practice of the present invention, it should be understood that a much broader variety of silicone- poly- 
carbonate copolymers and blends thereof with polycarbonate resin can be used as set forth in the description 
preceding these examples. 



Claims 

1. A flame retardant silicone-polycarbonate blend comprising by weight 
10 (A) 100 parts of a silicone-polycarbonate material comprising from 0.1% to 50% by weight of chemically 

combined polydiorganosiloxane having from 4 to 200 condensed diorganosiloxy units, which silicone- 
polycarbonate nr^terial is a member selected from the class consisting of, 

(i) a s ilicone- poly cartx>n ate copolymer, and 

(ii) a blend of (i) and polycart>onate, where (i) is present at from about 2% to about 99.8% by weight 
15 of the blend, and the silicone content of (1) and the polycarbonate is from 0.1% to 50% by weight 

of the blend, 

(B) 0.1 to 10 parts of fumed silica and, 

(C) 0.01 to 5 parts of polytetrafluoroethylene, where the organo radicals of the polydiorganosiloxane 
of (A) are selected from C{1. organo radicals which are attached to silicon by carbon-silicon linkages 

20 and the polycarbonate of (ii) consists essentially of recurring carbonate units of the formula. 
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where R is a C(e-25) aromatic organic radical. 

30 2. A flame retardant silicone-polycarbonate blend in accordance with claim 1. where the polycarbonate is a 
bisphenol A polycarbonate. 

3. A flame retardant silicone-polycarbonate blend in accordance with claim 1 or Claim 2, where the polydior- 
ganosiloxane is a polydimethylsiloxane. 
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